Drug-induced liver injury (DILI) is an important cause of hospitalisation and of medication deregistration. In old age, susceptibility to DILI is affected by changes in physiology and increased interindividual variability, compounded by an increased prevalence of disease and the frailty syndrome. While dose-related or predictable DILI reactions are often detected in preclinical trials, the occurrence of rare hypersensitivity or idiosyncratic reactions cannot be reliably predicted from preclinical studies or even by clinical trials. The limited participation of older adults in clinical trials means that the susceptibility of this population to DILI is largely unknown. Vigilance during clinical trials and postmarketing surveillance must be universally practised. A systematic approach should be taken to determine not only which medicines are hepatotoxic and should be removed from the market, but also the hepatotoxicity risks from marketed drugs to consumers with different characteristics, many of whom are older people.
Introduction
Optimising the safety and efficacy of medications in older people is complex and multi-factorial [Hilmer et al. 2007b ]. With old age, there is an increase in disease for which medications may provide benefit. The incidence of serious adverse drug reactions also increases with increasing age, even after controlling for increased medication use [Moore et al. 2007 ]. Most adverse drug reactions (ADRs) in older people, including druginduced liver injury (DILI), are dose-related [Routledge et al. 2004] .
In this review we describe the epidemiology, mechanisms, detection and management of DILI, with particular concern to old age. In all age groups, an important susceptibility factor for hepatotoxicity is genetic variability. In older people, this may be compounded by the large interindividual variation in response to medications, further increasing the risks of toxicity and poor efficacy [McLachlan et al. 2009 ]. This is a particular concern in frailty, a condition of increased vulnerability to adverse events [Fried et al. 2001] . Monitoring for clinical response is essential to optimise efficacy and reduce toxicity. However, the detection of adverse effects of medications in older patients may be complicated by nonspecific presentation as geriatric syndromes [Avorn and Shrank, 2008] .
Epidemiology DILI is an important cause of hospital admissions and deregistration of medications [Holt and Ju, 2006 ]. Hospital admissions for ADRs have increased steadily over the last decade in older Australians [Burgess et al. 2005 ]. In Spain, 45% of cases of DILI reported from 19942004 occurred in patients aged >60 years [Andrade et al. 2005 ].
Drug-induced hepatotoxicity has been of increasing interest due to the withdrawal of a number of drugs shortly after being put onto the market [Bjö rnsson and Olsson, 2006] . Troglitazone was withdrawn from the market in the UK in 1999 and in US in 2000 [Bjö rnsson and Olsson, 2006 . Lumiracoxib was withdrawn from the market in 2007 by the Australian Therapeutics Goods Association because of reports of serious liver injury, including fulminant liver failure. New Zealand, Canada and the European Union followed suit [Burton, 2007] . A recent systematic investigation by the WHO Collaborating Centre for International Drug Monitoring reported that the five most common drugs associated with fatalities during 19691990 were paracetamol, troglitazone, valproate, stavudine and halothane [Bjö rnsson and Olsson, 2006] . After 1990, the most common drug associated with a fatal outcome shifted from halothane (immuno-allergic DILI) to paracetamol (dose-dependant DILI) [Bjö rnsson and Olsson, 2006; Lee, 2003] .
Clinical pharmacology in old age and frailty
The increased interindividual variation with ageing makes it difficult to predict safe and effective medication dosage. Impaired clearance of drugs and their metabolites [Hilmer, 2008] is the most significant pharmacokinetic change in ageing. In old age there are decreases in renal function [Hämmerlein et al. 1998 ], hepatic mass and blood flow [Hilmer et al. 2007b; McLean and Le Couteur, 2004] . Cytochromemediated (CYP-mediated) hepatic metabolism is impaired with normal ageing, however most studies suggest that conjugation reactions are maintained in healthy older people but reduced in the older frail [Hilmer, 2008; Wynne, 2005] . Changed body composition (decreased lean body mass, increased fat mass) with ageing affects the volume of distribution and half life of drugs [Hilmer and Ford, 2009; Bales and Ritchie, 2002] .
Changes in the pharmacodynamics of drugs in old age is related to changes in drug targets, physiologic reserve and in response to injury [Hilmer, 2008] . Age-related defenestration of the liver sinusoid affects the hepatic disposition of lipoproteins [Hilmer et al. 2005a; Le Couteur et al. 2002] and medications [Mitchell et al. 2010b] and may play a role in autoimmune disease in older people by impeding the interactions between naive T lymphocytes and hepatocytes that are thought to induce immunotolerance [Warren et al. 2006 ]. Hepatic glutathione content decreases with age in animals [Wang et al. 2003; Stio et al. 1994 ] and humans [Lang et al. 1992 ]. Dysregulation of the Kupffer cells (liver macrophages) occurs in old age (Table 1) . Basal Kupffer cell numbers and activity are increased in old age [Hilmer et al. 2007a] , however the Kupffer cell response to toxic doses of cadmium was decreases in senescent male rats [Yamano et al. 2000 ]. There is also an age-related dysfunction and reduced biogenesis of mitochondria [Ló pez-Lluch et al. 2008] .
Frailty is a multidimensional syndrome of loss of reserve which gives rise to vulnerability [Rockwood et al. 2005; Fried et al. 2001] . Frailty is associated with an increased risk of illness and mortality [Bales and Ritchie, 2002] , as well as reluctance to prescribe certain medications [Perera et al. 2009] . Table 1 summarizes the pharmacokinetic and pharmacodynamic changes that occur with ageing and frailty. However, few studies have been conducted in older frail adults [Schwartz, 2006; Wynne et al. 1993; Wynne et al. 1990; Wynne et al. 1989 ]. Like other ADRs, DILI can be classified as either  Type A predictable or Type B idiosyncratic   Table 1 . Physiological changes associated with ageing and frailty that can have an impact on the pharmacokinetics and pharmacodynamics of drugs. Adapted from Mitchell et al. [2009a] and references [Hilmer and Ford, 2009; Hilmer, 2008; López-Lluch et al. 2008; Hilmer et al. 2007a Hilmer et al. , 2005a Warren et al. 2006; Wang et al. 2003; Le Couteur et al. 2002 , 2001 Hämmerlein et al. 1998; Klotz, 1998; Kinirons et al. 1997; Stio et al. 1994; Lang et al. 1992] . [ Schenker et al. 1999] . The mechanisms are explained in more detail below. The type of liver injury induced by a potential hepatotoxic agent can be classified clinically by the relative rise of alanine aminotransferase (ALT) and alkaline phosphatase (ALP) [Hussaini and Farrington, 2007] . The pathogenesis involves direct hepatotoxicity by the drug or a reactive metabolite, and adverse immune reactions, usually triggered by hepatic damage [Holt and Ju, 2006 ]. Pathology of DILI includes hepatitis, cholestasis, fibrosis, steatosis, vascular damage or mixed pathologies [Hussaini and Farrington, 2007] .
Mechanisms of DILI

Pharmacokinetic changes
Type A predictable (dose-dependant) or intrinsic DILI and the effect of ageing Predictable or intrinsic DILI is a dose-dependant injury that affects all individuals at some dose. The latent period after exposure is predictable and liver pathology is often distinctive. Routine animal testing can easily identify intrinsic hepatotoxins [Roth and Ganey, 2010] . Most adverse drug reactions causing admission of older people to hospital are Type A reactions and hence are predictable and potentially preventable. Paracetamol causes dose-dependant hepatotoxicity through the metabolic bio-activation of the parent drug to a toxic metabolite [Roth and Ganey, 2010] . It is responsible for approximately half of the cases of acute liver failure in the United States [Roth and Ganey, 2010] .
Ageing and frailty are associated with a loss of reserves and increased state of vulnerability [Rockwood et al. 2005] , therefore it is likely that the older frail will be at increased risk of DILI from therapeutic doses of medications. Changes in drug clearance in old age affect the formation and clearance of the toxic metabolites and therefore the susceptibility to DILI [Hilmer et al. 2005b] . Interestingly one determinant of the variability in susceptibility to hepatotoxicity appears to be inflammatory stress [Roth and Ganey, 2010] . Subclinical chronic activation of the immune system in older people [Franceschi et al. 2000 ] is likely to result in decreased response to injury. However, this is likely to vary between individuals.
Type B idiosyncratic (dose-independent)
DILI and the effect of ageing Idiosyncratic DILI affects only susceptible individuals. The onset is highly variable and the relationship to dose is obscure. It may only occur in individuals who generate an unusual metabolite or develop an allergic response to such a derivative due to some genetic proclivity [Roth and Ganey, 2010; Schenker et al. 1999] . Routine animal testing does not identify idiosyncratic DILI and it is often only detected in postmarketing surveys of larger populations. Idiosyncratic hepatotoxicity has led to the withdrawal of several drugs from market. Examples of idiosyncratic hepatotoxins are the nonsteroidal anti-inflammatory drugs (NSAIDs), diclofenac and sulindac [Roth and Ganey, 2010] .
Type B idiosyncratic ADRs, such as interstitial nephritis and hepatitis with H 2 -receptor antagonists, appear to be more common in older people [Fisher and Le Couteur, 2001] , and these are not preventable given our current understanding of ageing pharmacology [Hilmer et al. 2005b ]. Many Type B reactions can now be explained through polymorphisms in pharmacologic factors and may also be dose dependent [Wilke et al. 2007 ].
'The mitochondrial hypothesis' has been proposed as a mechanism in the development of idiosyncratic DILI [Boelsterli and Lim, 2007] . It implies the gradual accumulation of initially silent mitochondrial injury which, when a critical threshold is reached, abruptly triggers liver injury [Boelsterli and Lim, 2007] . Age-related mitochondrial dysfunction [Ló pez-Lluch et al. 2008] may compound this injury. This could explain the delay in idiosyncratic DILI by weeks or months (accumulation of deficits to reach a threshold), and why increasing age is a risk factor (due to duration of exposure or mitochondrial changes in ageing). Female gender is also a risk factor [Boelsterli and Lim, 2007] .
Factors influencing susceptibility to DILI Susceptibility to DILI is multifactorial. The most common factors affecting susceptibility to DILI include: advanced age, gender, genetics, metabolism, immunologic reactions, absorption/distribution, inflammation, co-exposures and nutritional status [Roth and Ganey, 2010] ( Table 2 ). Furthermore the impact of complementary and alternative medicines on liver injury has increased as the use of these medicines has become more common [Lee, 2003; Chitturi and Farrell, 2000b] . In this review we focus on age as a risk factor for DILI. Susceptibility to DILI in older people may be associated with particular medications, pattern of exposure (e.g. higher prevalence of medication use, polypharmacy, drug interactions, cognitive impairment affecting adherence), or age-related changes in pharmacokinetics or pharmacodynamics [Hilmer et al. 2007b] . Figure 1 illustrates the susceptibility to DILI with ageing and frailty using the pharmacologic concept of the doseresponse (DR) curve and the therapeutic window.
The effect of age on medications commonly associated with DILI and their outcomes
Paracetamol
Paracetamol is the drug that most commonly causes hepatotoxicity [Heaton et al. 2003 ]. Owing to its dose-related hepatotoxicity in humans and animals, and its clinical relevance, paracetamol is one of the most studied agents causing intrinsic hepatotoxicity [Roth and Ganey, 2010] . Accidental overdose accounts for only 15% of cases in the general population, but accounts for 55% of cases in older adults [Myers et al. 2007 ]. Emerging case reports indicate that hepatotoxicity may also occur with chronic therapeutic use of paracetamol, even in the absence of risk factors such as chronic alcoholism and malnutrition [Bolesta and Haber, 2002] . Bioactivation of paracetamol to its toxic metabolite via cytochrome P450 (CYP) 2E1, and subsequent binding of the toxic metabolite to liver macromolecules is responsible for hepatocyte damage and death, as described in Table 3 [Prescott, 1983; Jollow et al. 1974; Mitchell et al. 1973] . Liver biopsy reveals a centrilobular necrosis, with periportal sparing and little or no inflammatory reaction [Ward and Alexander-Williams, 1999; Prescott, 1983] . In severe cases acute renal failure may occur [Ward and Alexander-Williams, 1999] .
Older age, unintentional overdose, alcohol abuse and underlying liver disease are risk factors for hepatotoxicity with paracetamol overdose [Myers et al. 2008; Schmidt, 2005] . Increasing age is associated with increased time to presentation [Schmidt, 2005] , resulting in poorer outcome. Interestingly, in rats the risk of hepatotoxicity from paracetamol decreases with increasing age [Rikans and Moore, 1988] . Paracetamol metabolism and toxicity depend on both ageing and frailty [Mitchell et al. 2010a; Wynne et al. 1990] , which is associated with malnutrition [Ward and Alexander-Williams, 1999 ]. However, the risk of hepatotoxicity from therapeutic doses of paracetamol in older people is not well defined. Older frail hospital inpatients taking therapeutic paracetamol for 5 days do not have an increased risk of raised ALT compared with younger patients, although the clinical implications of such findings are not clear [Mitchell et al. 2010a ]. In people aged 65 years, the clinical increased risk of paracetamol hepatotoxicity is likely related to dosing that does not account for decreased liver volume with age, to frailty and to malnutrition [Hilmer et al. 2007b ]. Pharmacometabolonomics may help predict individuals at risk of paracetamol hepatotoxicity in the future [Winnike et al. 2010 ]. [Kumar et al. 2010; Daly et al. 2009; Myers et al. 2008; Hilmer et al. 2007b; Maddrey, 2005; Schmidt, 2005; Huang et al. 2003; Lee, 2003; Kaplowitz, 2001; Pande et al. 1996; Banks et al. 1995] .
Factor
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Diclofenac
Diclofenac is a NSAID widely used for treatment of a variety of rheumatoid disorders. Diclofenac use is associated with raised liver function tests in 1020% of patients and rarely with idiosyncratic serious hepatotoxicity, for which metabolic risk factors have been identified [Maddrey, 2005; Rostom et al. 2005; Boelsterli, 2003] . Normal ageing appears to be associated with increased risk of hepatotoxicity from diclofenac [Banks et al. 1995] in humans.
Diclofenac is metabolized by the CYP enzymes 2C9 and 3A4, resulting in reactive metabolite(s) that bind to microsomal proteins [Naisbitt et al. 2007; Bort et al. 1999; Shen et al. 1999 ]. Diclofenac-induced dose-and concentrationdependant liver injury has been demonstrated in rat hepatocytes [Kretzrommel and Boelsterli, 1993] . Mitochondria have also been identified as the target for diclofenac adducts [Ponsoda et al. 1995] . The lack of a suitable animal model for the human situation, means that the pathogenesis of the toxic response in the severe form of diclofenac-induced idiosyncratic hepatotoxicity in humans remains unknown [Boelsterli, 2003] . Table 3 describes the characteristics of diclofenac-induced DILI.
Hepatocellular injury has been reported as the most common form of diclofenac-associated hepatic injury [Banks et al. 1995] . Increasing age and female gender are risk factors [Kaplowitz, 2001; Banks et al. 1995] . Most aminotransferase elevations occur within the first 46 months of initiation of diclofenac therapy Figure 1 . Susceptibility to intrinsic and idiosyncratic drug-induced liver injury (DILI) with ageing and frailty. With ageing and frailty the susceptibility to intrinsically toxic drugs may change, shifting the doseresponse (DR) curve and therapeutic window. Paracetamol is an intrinsically toxic drug and human case reports suggest that hepatotoxicity is increased in old age [Mitchell et al. 2010a; Wynne et al. 1990 ] with the DR curve shifted to the left (dashed line in (a)). Therefore, pharmacological effect and liver toxicity are more closely related (i.e. at the same dose an older person is more likely to experience toxicity than a younger person). However, animal studies indicate that paracetamol hepatotoxicity is reduced in old age, so the DR curve is shifted to the right (dashed line in (b)) meaning the toxic effect occurs at a higher than therapeutic dose. Drugs that cause idiosyncratic DILI do not cause toxicity in most people; this may be because the DR curve for liver injury lies to the right of the lethal dose of a drug. Inflammatory stress may sensitize the liver to injury from a variety of toxins, resulting in a shift in the DR curve to the left (dashed line in (c)) meaning that for idiosyncratic toxins a hepatotoxic effect is seen in the therapeutic dose range [Roth and Ganey, 2010] . As ageing and frailty are associated with an inflammatory state [Franceschi et al. 2000 ], they may shift the DR curve to the left resulting in increased sensitivity to idiosyncratic toxins in old age, and this appears to be true for diclofenac [Banks et al. 1995] . However reduced activation of the immune system with ageing and frailty may mean that the DR curve stays in its initial position or shifts even further to the right (dashed line in (d)). This may explain the dual nature of diclofenac hepatotoxicity causing both Type A and Type B DILI [Boelsterli, 2003] . Picture adapted from Roth and Ganey [2010] with references [Boelsterli, 2003; Franceschi et al. 2000; Banks et al. 1995; Rikans and Moore, 1988] . [Rowden et al. 2006; Prescott, 2000 Prescott, , 1983 Ward and Alexander-Williams, 1999; Kwan et al. 1995; Thomas, 1993; Miner and Kissinger, 1979; Jollow et al. 1974; Mitchell et al. 1973 [Laine et al. 2009; Naisbitt et al. 2007; Bort et al. 1999; Shen et al. 1999; Banks et al. 1995; Ponsoda et al. 1995] Isoniazid Metabolic bioactivation of toxic metabolite hydrazine and its monoacetyl derivative by CYP2E1 Therapeutic Advances in Drug Safety 1 (2) and resolve with cessation of therapy [Laine et al. 2009 ]. Symptomatic reporting was the major cause for identification of injury while monitoring was responsible for only 18% of injury being identified [Banks et al. 1995] . This highlights that idiosyncratic DILI does not necessarily occur early in the course of the therapy, and the importance of regular monitoring for liver injury.
It has been suggested that the hepatotoxicity of diclofenac via either direct damage or an idiosyncratic reaction is dose related [Gonzalez-Martin et al. 1997 ]. However, even the decrease in hepatic clearance in old age does not explain the increased risk of hepatotoxicity from diclofenac at therapeutic doses in older adults [Banks et al. 1995] . Assuming mitochondria are the target for diclofenac adducts [Ponsoda et al. 1995] As the deficit in mitochondria is varied between individuals, this could explain why there is increased risk of hepatotoxicity with age (increased mitochondrial deficits to begin with meaning the threshold is reached earlier), why hepatotoxicity is not instantaneous on initiation of therapy (mitochondrial deficits need to accumulate over time) and why animal models have been unable to replicate the human response (accumulation of mitochondrial deficits due to environmental factors).
Isoniazid
Isoniazid is one of the most commonly used drugs for tuberculosis; it is associated with mild elevation of liver enzymes in up to 20% of patients and severe hepatotoxicity in 12% of patients [Pugh et al. 2009; Yue et al. 2004 ]. In many patients, continuation of isoniazid is well tolerated and their aminotransferase levels will return to normal or nearly normal levels, representing a hepatic adaptation response [Pugh et al. 2009 ]. Liver injury from isoniazid seems to be mediated by the toxic metabolite hydrazine and its monoacetyl derivative [Yue et al. 2004 ]. Risk factors for toxicity include regular to heavy alcohol consumption, induction of CYP2E1 [Maddrey, 2005; Pande et al. 1996] , slow acetylators [Pugh et al. 2009; Huang et al. 2003 ] and female gender [Maddrey, 2005] , as described in Table 3 .
Theoretically, older adults should experience less isoniazid toxicity due to the reduction in CYPmediated metabolism in older adults, which is further reduced in the frail [Hilmer, 2008; Wynne, 2005] , resulting in less toxic metabolite(s) and therefore less liver damage. However, this is clearly not the case as advanced age is associated with an increased risk of isoniazid hepatotoxicity [Kumar et al. 2010; Maddrey, 2005; Pande et al. 1996 ]. Interestingly, Schwartz and Verotta have shown that sex and concurrent medications have a greater effect than chronological age in older patient populations for CYP3A substrates [Schwartz and Verotta, 2009; Schwartz, 2006 ]. Clearance of the CYP3A substrate, atorvastatin, was reduced only in older men and not women [Schwartz and Verotta, 2009 ]. This gender-specific reduction could explain why female gender is often a risk factor for toxicity, as presumably their CYP enzyme activity is preserved somewhat compared with older males.
Flucloxacillin
Flucloxacillin is a beta-lactam semisynthetic antibiotic used widely in the treatment of Grampositive bacterial infections, and is widely used in many European countries and Australia for treatment of staphylococcal infection [Daly et al. 2009; Andrews and Daly, 2008] . It has become a common cause of drug-induced cholestasis in Europe, Scandinavia and Australia [Daly et al. 2009 ]. Liver injury is cholestatic in nature with minimal or no hepatic necrosis. Bile duct abnormalities are seen in most cases while inflammatory reaction is moderate or absent. Repair of bile ducts results in healing, however in some cases severe damage leads to paucity of bile ducts and to biliary cirrhosis and strongly indicates an idiosyncratic, immunologically mediated, hypersensitivity reaction to the drug and/or to a metabolite [Devereaux et al. 1995] .
The relatively high frequency of the reaction has suggested that a reactive metabolite 5-hydroxymethylflucloxacillin formed through CYP3A4 metabolism is responsible [Lakehal et al. 2001 ].
The HLA-B*5701 genotype and a pregnane X receptor polymorphism are major determinants of DILI due to flucloxacillin [Andrews et al. 2010; Daly et al. 2009 ]. Risk factors include increasing age, prolonged therapy (>14 days) and female gender [Daly et al. 2009; Andrews and Daly, 2008; Russmann et al. 2005; Devereaux et al. 1995] , as described in Table 3 .
There is a clear increased risk of flucloxacillininduced DILI with age, with a recent study indicating those aged >60 years were 6.1 times more likely to develop cholestatic liver disease after flucloxacillin exposure than those aged <60 years (95% CI 2.9, 13.0) [Russmann et al. 2005] . Preservation of CYP3A activity in older women [Schwartz and Verotta, 2009; Schwartz, 2006] may play a role, however this needs further investigation.
Detection and management of DILI While preclinical studies may detect type A (dose-related) DILI, these studies rarely detect type B (idiosyncratic) DILI. The incidence of DILI is usually low, and therefore even large clinical trials are unlikely to estimate the true risk.
Hy's Law states that a combination of elevated ALT and total bilirubin concentration is a strong predictor of the potential for a drug to cause DILI [FDA, 2009; Stevens and Baker, 2009] , and has been used by the FDA to identify drugs likely to cause severe liver injury [FDA, 2009] . Increasing the size and diversity of the clinical study population would increase the statistical power to detect adverse outcomes [Stevens and Baker, 2009] . This is important for older people, particularly the frail, who consume a large number of medications and yet are poorly represented in clinical trials [McLean and Le Couteur, 2004] .
Laboratory detection
Serum ALT and total bilirubin are the most common biomarkers used to detect and manage hepatocellular injury [Watkins, 2009] . Serum ALT is more liver specific than AST and is a very sensitive detector of hepatocellular necrosis; however it cannot distinguish DILI from necrosis resulting from other causes such as viral hepatitis, alcohol consumption or other unexplainable reasons [Watkins, 2009; Clark et al. 2003; Schenker et al. 1999] . In patients with a priori elevated transaminases this is further complicated due to the lack of guidelines as to what contributes a significant increase [Schenker et al. 1999] .
In older people, reduced liver size may mean transaminases do not increase as substantially as in younger people [Elinav et al. 2006; Le Couteur and McLean, 1998 ].
Monitoring transaminases levels on a monthly basis for the first 6 months of treatment has been suggested for patients taking medications that are known hepatotoxins, such as isoniazid or diclofenac [Lee, 2003] . However, monitoring is seldom performed consistently despite being recommended by guidelines and policies [Mitchell et al. 2009b; Lee, 2003 ]. Even if it were, there is no guarantee of safeguarding the patient, since many drug reactions develop abruptly.
Management and treatment
Early intervention is essential as the aim of treatment is to prevent progression to acute liver failure. Idiosyncratic reactions necessitate prompt recognition of the symptoms attributable to DILI as this is the key to stopping the drug and reducing the extent of liver injury. The highly variable nature of idiosyncratic symptoms mean this is often not the case [Chitturi and Farrell, 2000a] . Paracetamol remains the only hepatotoxin to have effective pharmacotherapy, N-acetylcysteine (NAC), based on well-established nomograms [Rumack and Matthew, 1975] . The benefit of NAC extends beyond those who have developed fulminant hepatic failure [Chitturi and Farrell, 2000a] . In older people, increased age is associated with increased time to presentation which may be explained in part by the higher proportion of accidental overdose in older patients [Schmidt, 2005] . By the time older adults present, it may be too late to achieve benefit from NAC, despite it being indicated for late presenters (1024 hours postoverdose) [Chitturi and Farrell, 2000a] .
Adjunctive therapy such as corticosteroids or ursodeoxycholic acid is based on anecdotal evidence. Use of corticosteroids can be considered in cases of drug-induced hepatitis that fail to resolve after 68 weeks, and particularly in reactions with a presumed immune basis, such as those associated with allopurinol [Chitturi and Farrell, 2000a] . In the case of drug-induced cholestasis, symptomatic measures such as replenishment of fat-soluble vitamins and control of pruritus may help to improve quality of life.
There is no convincing evidence that corticosteroid therapy alters the natural history of flucloxacillin-induced DILI [Devereaux et al. 1995] .
The pharmacotherapy of end-stage liver disease (diuretics, beta-blockers) is the same as for other causes of liver disease [Chitturi and Farrell, 2000a] , however this is not well described in ageing. Older people do, however, suffer more ADRs to beta-blockers and diuretics [Lindley et al. 1992] .
Postmarketing surveillance
Drug-induced hepatotoxicity is a rare but important complication that will continue to be problematic with new drugs coming on to the market as well as with established hepatotoxins. Initial clinical trials are not always adequately powered to determine which medications are hepatotoxic [Pugh et al. 2009] . Animal models undoubtedly screen out most potent toxins; however liver injury at extremely high doses in animal models does not necessarily predict problems in humans.
There is no animal testing in old age, malnutrition, comorbidity or polypharmacy, which are all part of ageing and the frailty syndrome in humans. The occurrence of rare hypersensitivity or idiosyncratic reactions in humans cannot be reliably predicted at present from preclinical studies. Therefore, vigilance during clinical trials and postmarketing needs to be universally practised.
Spontaneous reporting systems are currently the cornerstone of postmarketing signal detection. However, they are hampered by limitations [Hauben and Aronson, 2007] . In the USA most cases are reported through the FDA MedWatch program through which physicians and pharmacists may voluntarily file written reports [Lee, 2003] . In Sweden reporting of ADRs to the Swedish Adverse Drug Reactions Advisory Committee has been mandatory since 1975 [Bjö rnsson et al. 2005] . In Australia, the new Advisory Committee on the Safety of Medicines replaces and expands on the role of the Adverse Drug Reactions Advisory Committee and focuses on the safety aspects of medicine regulation and the detection of adverse drug reactions, aiming to increase pharmacovigilance. However, the voluntary nature of this reporting is problematic. Strom has proposed an alternative approach whereby new drugs would receive conditional approval by the FDA during which time mandatory postmarketing studies would allow the detection of progressively rarer adverse effects [Strom, 2006] .
Conclusion
With the increasing prevalence of older people combined with the increasing prevalence of agerelated disease, the consumption of medications by this section of the population is increasing.
However, the susceptibility of older people to adverse events and to drug-induced liver disease is highly variable and may be different from that of younger people. Rigorous pharmacovigilance studies are required to portray the risks of DILI and particularly of serious hepatotoxicity in old age. As there is limited information on how to maximise safety and efficacy of medicines in older adults, hospital admissions for ADRs continue to rise. Better understanding of hepatic clearance and of the mechanisms and risks of DILI in old age will contribute to evidencebased prescribing for older people. This will allow for reduced risk of adverse drug reactions and DILI, and improved quality use of medicines in older people.
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